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Details of the Invention 

: in Li- of mr lwpmion 

^fntjict <. er.tmte Bo<u and :be Memod oi Mjjui1<kiikc } hejeol 
2 R WOI Ot CI \IMS 

{ i ) Sintered vet mnc K\l\ C(>ntai!i!!U SiO t aU P-0 \a>0 and Mgu. *itev ^iO- eon'em k 2<> \\t u , 
the Sunlit iaU<> (. t F i J ii * ~, the total content of >iu , PO and t\.u b meatei thoti "() v\ and the 
\a O and MjiO contents - «jc lc»> than 2 and .ess tik.n 0 *) \\t ' tv>poe1^ch 

(2) Slllkktial tl!PClW\ dv-e' fucd )ii t. ' mi } v O!tS I II l)g . p ilSK uTXSUli- 

{ Method oi niamn.'cnue oi Mulcted eeiawse bnd\ contaftmn, ^< K Ou, P U- \,t>l 1 ,i id MeO \\hctc 
SiU cyjitenl is 2(t-"o \\C V . the atomic r< 5 tto ( a P H> ^ " the total content ot SfO* P 0. and C <tO t- 
etudct than "0 M" > and the \a O and M<iO (.on.ents .ae lew than 2 ut*« and less than o y \\t'\. 
iC5peett\eU m winch at least op v Jjpc <>i oilicrile evicts, i-hotvn In thv jieneud foinuiia i| *s eeLned in the 
presence ot pho,pu«ttc co»ip(>tinds and e< ieuni compounds and die SvSultatU eel i> deec molded 'ind tht-i 
.sintered. 



3 — S i -4- 



v P nvcd not tv lisoto^en 



(4i Mithoc" oi ptmutduni^. described t!t Clann \\hu*. in ohnv^i iu. to npxmds ate ,a least <. m ul '"to 
conipoMtkU slioAti i\ Cte s^ei ei )l tortrtl ts ]i III j u ji \ | 
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(P5 R^ <»rc droa^p <dksi ginaps ^ th 1 r eaihoiu, pHent ! i:i\>up- o- <'i,nt s 1 ciotipt n i.h " u 
carbons, and m ~ 0 -• Km. 

< 'm \kthod vii iiianuiaUute Jc^Mflxo n <, .ai it w'icic the tdkiiim npouikb ate calcuru salts <> al 
k..;>t one of liK compc'UiK:* ^liowit N .he ^icteial foin uU < \ 



(RIO is an alky! group with i ~ 5 carbons). 



* DL 1 \1LhDDLsCRlP UukuF THL1\\L\1I0\ 

(Industrial neid of Application! 

[his >!!\lu!>o)i urnc 'ins iiie sm aul .ei.nnx boo o uh bwtoi i>muNi!\ w ihh oftus a v > 
applications nth is kii Ad' KtK fon li ioo* and svnt.ieli.. bum. 

(Industrial cteldof Application i 

\s sotiheih. tooth cv>t t k s\ntlviit bone <>r df n i ..'id vanou* '!<3sm.u. hu> s b ^ in ■ > O P <. > ^t=ic- 
l lU i' b. -iiv v-OMipoiioi s aiv. knov n lot example leporkd in iOkk M Sl\0~-<~-<V{^2 ateus A i 
si\ es Mi \tifiKtiv. hoi o tisv muiUi icilv l'fi n no. apa ir and aoS! isfonitc fniLTrt lt\sh1- ^a eiedif'^iu 
si\r~ .! is in W >ol whti.lt ssu>mpo>e<. oi i m sm e: ViOC "'VCtOUJ: ^ i M(i 41'.) 
and P„0 f 0 -T" ») ^sthkss U u 10 , <>l mi^imm;-, M-t> presented hi lOkls. \! <5HO*> .- li n\:ie 

i n )fL-> li!\iii'' P U \i 0 k <"> rid \tyO is tlu. base umipot^nf nnh i\i jsuk if ac d tion o r 
louine Uil-jO conpt >in<>ns ui it no apa ue u <. st i\ dial tonti ibnte to buxo nr. Pl'f V 11k (. , T> 
a < n n. laito o' an m e u .stal is t ppso.i naiels ! r>" s is dvsnabk n> appiosnnate tkc compos! ion 'o ilt'S 
t mo io niooisc e!k apat ic £ i! (.on ait ( om ai ton<d "iass^s mfh SiO f t\ aud C at) ha ; 
on pyiKtit' did not Julh ' id ii<. a a C i P f.tiso boio^ > ™ .nd fhtafoi^ piodiuK \ i^ in ^ cn ^ u pos tion 
voidd not be piodutsd 1 1 oidci io piod kc i u iss lc aunt hi^ m; a f v a 5:1 iado dost -o tii.n <. i apatite 
u^stj conpo-itK'n Met > ^ .s adikd ai I o JOkk \5 SM(^"- >i:^ f <> : " Vki, 0 and 
\ 1 1» ; " acic Jdcd^K^kkO sttO^'-S'no hi i!ksl ca^cs Xk'Oot \ 1 1> tq>.a^d TiCmo 

lm\et the ap tlHO Ci .s . J <"o itcn and roiiiLi liu' *. ih utn "I'caR Ci\st d ^oidet i Ah'ck 101 irth Co Ui inuOs 
to nnpioscd sttctiiid FntdKt d c aidiiion o \ i () red k;s the Jkt kl il st.-h [ik flit -utRt^d bod\ 

[Pioblcu ■> This h)\<'n ion tntenJs <. V^c 

Tin. pui >osc oi tlifT ffi^cn ion ts io <. tk { m aid reiaitnc - 1 a\ in<. 1 1 o\col'u f * r oa> tk md 
buxoiiipaftbthu uh 'Ik ntcdio i w m d,K u e of *• lid stKt.ncd i'o<o 



r v i 



TOKKAi SHQ63-218580 



[Means of Sol ving the Problem] 

This invention is based on the findings that CaO functions a*, calcium silicate component < CaO. SK.V 
which contribute to the improved strength, that an excellent sintered ceramic body can be obtained if the 
atomic ratio of Ca and P. Ca/P is kepi in a range of i .0 - 5.7 and at the same time, (he contents of SiO;. 
Na :: 0, and MgO are kept at specific ranges, and that the application of the sol - gel method ro the 
manufacture of said sintered body will further improve the quality of thus produced sintered ceramic bodies. 

This invention offers sintered ceramic bodies in which the SiO; content is 20 •- 70 wt%. the Ca to P 
atomic ratio. Ca/P is 1,0 •-■ 5.7, the total content of SiO>. FjCX and CaO is greater than 70 wt%, and the 
contents ofNa 2 0 and MgO are less than 2 wf% and 0.9 wt%, respectively. 

in the sintered ceramic bodies of this invention, the SiO.. content is kept in the range of 20 70 wt% 
(simply expressed as % hereafter), preferably at 30 - 40%. At below 20%. strength of the sintered body 
decreases and at above 70%. calcium phosphate crystal content including apatite decreases which tcsuhs in 
the increase of crystals deriving from SiO;. 

The Ca to P atomic ratio. Ca-P is 1 .0 - 5.7. preferably 1 .5 •- 3.7. If it is below 1 .0, metaphospliate and 
pyrophosphate are produced, and at above 5,7, the apatite crystal content decreases. In this invention, the 
total content of three components mentioned above, i.e.. $iO>. CaO and P, ; 0;, is Kept at above 70%, 
preferably at "0%. The CaO and P ; 0 . contents can be flexible as long as they satisfy the conditions 
mentioned above. However. CaO at 1 0- 70% and P ; 0 at 5 -40% are desirable. 

In this in vention, N'a s O and MgO should be kepi at less than 2% and 0.9%, respectively. Preferably, 
inclusion of either component should be avoided. With Na 2 0 greater than 2%, strength of the sintered 
ceramic body decreases and the solubility in the human body increases. With MgO greater than 0.9%, 
magnesium silicate crystal tends to deposit 

In this invention, one or snore than two components such, as ZrO.<, AUX TiO;-. B ; 0 ;i , Y :: 0<. SiC. Si.-.N s . 
and A1N can be included at less than 30% in addition io the components mentioned above. Further, 
halogen compounds such as hydrochloric acid, hydrofluoric acid, hydro fluosiiicic acid, calcium chloride 
and potassium fluoride, sulfides such as zinc sulfide, nucleus formation agents such as La ; .(X CeO.>, SuO : . 
Fe, ; 0 : ... 1j : 0. SrO, Nb,0-„ TaA- As. Au. Pi. Pd and Ph may be added ai 0 - 10%. 

The crystal structure of the sintered ceramic body of this invention which has the composition described 
above, consists of two components, i.e., crystalline and amorphous. The crystalline component preferably 
contains apatites (hydroxyypatite, oxygenated apatite, carbonated apatite, fluonnated apatite and chlorinate 
apatite) and calcium phosphate such as iricalcium phosphate f'l'CPi. Mote preferably, it should contain 
woHastonhe (CaO, SiO :; 'i that contributes to the strength, of the sintered body. A small amounts of other 
crystals such as SiO ; . crystals (cristobalite, quanz. iridymne) or calcium pyrophosphate and calcium 
metaphosphate may also be contained. As for she amorphous component, amorphous components formed 
from three compounds of SiO;, P 2 0<. CaO, alone or in eombmasion, such .ts amorphous calcium phosphate, 
amorphous calcium silicate, amorphous silica, amorphous calcium silicophospahte are included hi this 
invention, among those crystals mentioned above, it is important to contain a large amount of apatite 
crystals. 

The sintered ceramic body of this invention can be manufactured by any method as long as it has the 
same compositions described above. However, the best method is the sol-uel method Conventionally, 
jitoss lias been manufactured by melting, method or VAD (Vapor-Phase Axial Deposition Method.). Glass 
ceramic has been then obtained by crystallization process of this glass. By sol-gel meihod, it can be 

synthesized at a low temperature and high purity materials can be obtained. Also, the method is not 
restricted by the vitrification ranges unlike the case with the melting method. 

One preferred way is to follow the sintered ceramic body niamtfac taring method in which at least one of 
silicate esters shown by the general formula ffj is made into a gel in the presence of phosphorus compounds 
and calcium compounds, winch is then dried, molded and sintered. 

Off* r 9 R > *\ 

s,a §s ~t~- D i ge< • " i: s ] 



(R 1 R4 are hydrogen or radicals by the formula C S E; X ,; (OCjH.,),, - < where x - I ~5, y~ 0-10 >. AU of 
R: -R, need not be hydrogen, n » 0 • 20.) 



TOKKAi SHO63-218580 



4 



&% for the silicate esters shown by the ueueral formula (ij. it is preferred that P. : - R* are alkyl groups such 
as CH 5 , C : Hk u-C;H ? , iso-CJHk n-CH, anci -C : H,OCH 5 . More preferably. R $ - R4 should be" identical 
radicals. Although n~<> is preferred in this invention, condensates with n ~ 1 - 10 are also usable. As the 
examples ot siheate criers ihown b 1 ibo i>ertet;d font} ti,i ;1| mefhsl -.thcuc cihsl tiUcue. n-prop\l siHcate, 
isopropy! silicate, u-bmy! silicate and 2-nieiitoxvethvl silicate and their 2 - 10 condensates can be listed. 
Of these, eihvl silicate, S(OC : ,HO, : , is available as Ethyl Silicate 28. and ethy[ silicate with 5 mole 
{ average } condensate: 

5i 

6c,a, n „ 4 



!S,\,ill"L I 1 I !i\l <" IfL.Ue nOM! t i> i, t OSBjT Ki- 
in ibis niientkm >iiK<ite estei ivncei it Won it ' ic ns \ed joiution js Heebie lkme\ei, cot-cuut ttioii^ of 

0! ~u „ pij-icubX H 40 < \ a^tO^ne hvnuble. 
"-(.! phc/th j to vOi ipiunids ns<.d n !ii)s ii' m )i k ut i 1 t vtltod, vk'Uim; *i lo.^t one t\po yt utttipoiind 

opiev,,db\t!r "UKCsiioim it^ m|>t l\ 




OS* 

It, 8 — P ~ 88* »■<■- f 11 

OI» 

8*0 — P H CfT) 

i 

<P S < re m arMcen <!l^, gn\p>^ th J T<.asV>n- pbentl i.t>nip- o t M.!tt si sump- hiA " u> 
carbons, and m - 0 •- lu>. 

ror phosphtie ostos of J ontiif i 11 a lo ! uoups hunt,, 1 i c ith^ns ie piek.ud !o P R l'\i\l 
m,>i!p< x en^ 1 moups no \ou\o,tble I or the ,ngv o m mi 4 ^ J<"sik h e In we a km 
plu>ph tk e>teis v rib , II P R bo.tg , 'k\ 1 <yoi ps thcaphnti* aud ^ tin ail R ~ P Iv.tu h- tuuci at d 
pun d cstvii ^ith bo'h ilk 1 i ^ionps , nd h\drr>bjui ue ai-o twble \n iot HKtvplto^phoiK acid <» d n t T i 
phosphdtc oMci^ e\p v"t,d b^ the ^t,Mt..i t fo nm is Jl nki'I\ ili \1 gioup* k\ it;, -enbon arc 
pietened M<-o t b c le phuV groap ,md be»/ * 1 ,ttour> Dcmi dL ^.omponi'es ne tho^v. expressed 
bv .onnnl's HI md l\ v rli P > beirmnuJKl <m»\S fso-ptopO n-bnt^l phenyl i k 1 eit^ 1 aoi ps 

■■oi the pliosph, k LvUitpounJi ol lorn fa i ieastonco R P jionps a- In dmg v n Howevef loi 
this invention, compounds in which not all R< - R- ? groisps are hvdrogeo. are most desirable, t-ollowtng 
voirpotinds aie hsted <>s utti d ir'ple^ 
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0 ih of c oi m\ jii's otmote t m 1 >\u> t,on>tx>ntid- <. n be iot ibe .pplit. i ion Hue ^ P t ie 
-ri.^ oi ierfiul,* liji'Mtp 1 i! it hsuo^'i s not it Ju.Ud 

lite plioiph tie <,->kis hikd tbo\etui tx obta ncJ ta-ii* b\ paiuJk Indtoh /ma .ttv ug<n s pS osp'i ik 
estu$ b\ e>fuih ina v n tio^ons p kispbo x i<,d>\uh ikoho!-, orb" in iv. sew l pbosp^iof isputoMd». 
vitb Juihoi uid fhui h\dio \ 'M < it e aa. Mo i pmxImUs 

\iKihei <.ssuit> d c.nnpo k )f tor trt i nutuor is. ti tut i ton sUucb l m Vo piqi ltd ftoni <. 1ci tin s ills 

01 C )Llt!li) ikOXldcs H is 1 j bCv< Use ,'ddl* o 1 Of l.lklllllt Is IXt-Oss UK EO prOjlX0 blO.iUKv _ <)ss Of ukl-- 
CU IDlKs \s tlx MHjtw <>i LiU.Hl fl Oils C tt(tP) (hc'v R (s <U1 tiksl _'K'Up fiasltl-' 1 *) l J I Oils' J lv ljl[ 
n U.ih- .,dpt hp a^X ,H0 lUU ) cK of idv <.<iki'!ti h\d'o\idi. v.afu(ii:i bxdroaui u Ut e taki! m tati ik 
and calcium oxalate can be used. 

Of i)ti.s^L)l miii 'on sonn_i.-> o. tki <-ohbk ^lits stub isl 1 (uciiiiiTik ^ iknmi ant ik aid t. tk mm 
chloride arc niore lavorablc. 

In tidition k> tlx elenieiifs nionuoi et. abov<, <, emuits sh it i- m txuin.v. _'J kiini i m o\ides ma Ik. 
niehukx! V, itiesv. e [cine :ifs \! /i Iuk lioiitx isuxi hi tik. s, ti^ lihamu as kii aikali x e a i 
metals tiksc <. ictrx rt r e t 1 tx iddcd m the loi it oi nu i tkosados oi n )ki >o uHe sj|x \ s toi item ides 
\!<OP0 /it^R i TkuPO niiBtuRO jicd^si jb.c ^j(e h\..i tble anoum, .oix usodaie" so 
^ \> v < -, omJl ,1 of tliL'or^amo'itSsoUknu'ni.t is o\ des} conMimnn ' dx <x ^mtiah /iU \! O 
inubtc fi-Aol! t ionise t> dro>\ar\itk VO S \ md M\ eari bo addoi aiddispeiod m ho i<< m- oi 
line pariiUes oi ^hc^is o tin. pit-paMnot ^iiuioboloa „c!.>uoii Tfx. at fabio a not itts f!k pi. ^ du 
<>! ^ fii-k^rs to X s u cd iu ni Ik tii,eoH> n) . 

Jii thi^ tiuuiitoti ih." t ^ mtk a[- no fdd^d in snt.]i <i tnannoi tb a tho (ma I pn. JaiUi <. I itie s nttrtc 
ceiantk >ods !iac .aorotipos ttotis titai 1 1 , v thin tlx i< H'Xs , xoi.lod ib'i'vt. C^la <u(t| m! lklXMus 
is )ci pitned ni fix prschlC ot p lospix tis oonij-oitnds ancU< iciuni compounds The.'oanot r oit.Uiii 
conditions are discussed below. 
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pH of the gelation reaction 

in this invention, the gelation lias to be performed at. a neutral or an acidic condition where phosphorus 
component and calcium component mix well and gelate evenly. A pH below 4 is desirable. 

IT the phosphorus component used in tliis invention are phosphoric acid, phosphate partial esters, 
meiaphosphoric acid and inetaphosphate partial esters, p.H adjustment reagents need not be added as these 
compounds are acidic. Otherwise. pH is adjusted with iriorgaitic acids such as hydrochloric acid, nitric acid 
and sulfuric acid, or organic acids such as acetic acid, citric acid, and lactic acid. Phosphate esters and 
mctaphosphate esters need the addition of these acidic materials. T he pH may be maintained constant until 
the gelation is done, or to promote the gelation. She pH may be increased aftct silicate esters are partially 
hydro) yzed. Basic materials such as ammonium hydroxide, amines and formaldehyde may be used to 
increase the pH. 

Solvents lor reaction 

SoKvtit- MiH tble t<» di"(>h e sdsete c-k s p i<>- phot, t-> components ,nd ^.akii'rn tcnpotiH is »e vw ter 
akolioksadK-j i ittikiiol ai iuhanol tnd then mo tires The amount el katei !~ 1^ unea 1 1 noie basts 
\s tin. ai lot tit ot silicate eat', s ^ des uble !oi iitioot i Irdiohsi-, 

Details oi gel preparation methods 
hi this unbutton ntiiu vOtnpiHur 1 <k! wpicpaicd auonhn" milk follow tit' nuked i 

' i ) Phosplioius npuiuKK ire added to aik ite e^ius Mtct the sOi> , te cite s n - pad i If s 

h\diol\ 'Oil eak u i! i\)iupoMiKU l e a<.ck.d to -Uf piete (Ik _'c! ttion 
nil \tkt s htate s aie put ilK h\<. ioK A.d plio- ^hoi (i, unnpounds .tie added ralmun 

eowpoi nds at,, dkti adde<. 'o i_otnpkk the <,e latum 
'mi C , kntrt ^ompoi nds an. ,\iiied to situ, i c tst-r-, \fter tik >i!kak estei > aepandk 

it\dioK 'Oil j>ho>p loins compu u ds aie tdded to complete (he ^k itnm 
'n) \tkt s htate uk s aie put ilK hvdiotwed -Ji-nm u> npoutid'- are dded Phosfhoiis 

eOinpoi nds ate «iK(i adde<. <o LOtnp'ek the elation 
"> i Silk.rk i.st'1-, kdi_dio i «-olntioit ^t'ltaimti" plm»phi>tii>co iifoindsat dt.ki up 

compounds to complete tuc gelation. 
'm) silk, fe vstei phosphorus u>n pun K > an i .. least i compounds ire , dd<.d smmlfj kot K ,o 

complete the i-.claiion. 

\lthoit«h the loos^-muif ixkJ so-Lif on v hu.lt it 1 cKes h\ itoh-is nd xidensatt >t f>»h itei / vm 
etuK vt hunted a imhui lempeaMte ft m<o it £ o be puiottud <-f <- he net. (.ondutot It tite 
Jem id ii tie hk'hci t! in fik 'xijht" point > -o^uits is ckshed an ttitochuc ir\ k it' id to petfonti 
ludioUst ,)tid n'lkkt -Hioti pohmeti. it on undet p*essuu/ed conditions 

Maamaeture oi sintered body 

\% a coiuuifton.i! sol- cS net hud to mini, iLtue „' . ss*. £ a muhou m v nidi a so] t-xji'tA u t ^tatoikd 
capot ttion k te to ok ,itn Joed »<.! w t hot t clicks ,> Smh c<"it !k smteied is is Tlti tn.itiod t , <.oitnti<> \\- 
u-ed tor Okiiiuj ktunti si he ^Lt«c^ Jio^cer ioi in.ln-LOiitponLiit 'el oi tkt. tm in to>i if is j fic it to 
obtatn dikd e^l nithoui c'ack- Simontn; nithoi t ttetiaiit ct..vk' is e\en h.adc .^otctii e % nkdti d 
tn \Jikh dned e^l k ptik^tt'oo* hea'-ttcaxd -n^ivied and then Mitkted is piele r able 



Dp tne t> done n 0 2t)«' C it ^ttnosp'scitc prcssu e >>t titnlei s adttc^d pi^nte Moist ^el nw v be 
dned dtei ptiketi' ition ot puKon/cd dtei dtviu 

rieat treattnerit 

i Ik paipo-e ot hen tteiin en ss o ,omo\e ~cs'dt ilailow ino ,)> n oi a n ? t*kH ^.,o'it^ lutle 
piomok < e. ^otKten-a t^ti pop n e • .aton a'kt )t^eite,ji'> coirpkie the ^ .ettf^ns r/ctweea ^oirpottin s 1 'ie 
tennei ana e nuiLe is 2vit> (!<H) C but too suu-f t n\ >\ e k^ orabfe M i temper mae beiov „f»uX tin. 
>.! cct ot heat tu mikiit ^ili be n a<. equ ue V aNne KHH> C cnst t lh/etion is pro nokd ic-i Una ri 
micnor stntenns. 
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MoSohu'. and simermg 

VJoiiiiiiii )tk' -shiIv' i! c v<«t ne pertonped h noho'J ', > 'nO sho«.n Vkw 
vi) Smk-rma i- tone f Mxi i><>0 ( n n nospheik ptvssuie Jtentx leaf-tteated po\sdens 
nekud b\ . m.isjL a\ss pte^s 01 a eok< isenf ax pie-- ft. iPi 

Oil HvMf-t'vMfLlJ pOHlki is -il'lv'vO a! Ml' l"*W e UstlU i hot pie'" J l.xll'lle' 

v»d "\foided kmhic aed powder itneuk jhc*> ed t\ t hot j-ostatk press iRI*') r>i d e m ucui 
-mtete'd if muosp'ient. prcssu e Jtirtbet pt£":d b\ a hot t-os^tn. pjcss(HiP> 

indu- nnenlion h ili>av i tompoji ds t^ ladet. opiv. t,nt itp< tite uv <K ia*m diAomposfi u ipto 
treakitini pbos,>h He ( f < P)K iisl lempet time he,, atabo\e Jmim aid 1N0 jMexert t p t titc iom 
dCv<m poojn : ? hvti sin en i 1 vmpt k uu c t» ai««c> I to oxun mei c i vd stmn oei'jit * I <•>! e\ nnpk Vk 
adduis it douen eoi ipoiunJs a In, m i n kktw tu p olpss oi t<tv maanl pov,dei beioie s merau 
dw<in po-iitioit oi h\ Jn" <. ip it re' is iup}tiCiiCt P od icnon oi smteieo N\lx> b i\ ntj; ,p Hue awah s 

xtlit.ned in thi^ na<H',r ii,tk>Ltr <,("> itpoutid- <o be idded i! t JiloiM^oi tbioi de -b^. k > I vdioJMofx 
Kid ^ lutin vhloiK'o Kd oibiorc < vid indiofluo-elkk kid md ukurn fkioude 

Jk ioeui von pouiK'v <. tn tx aedeo \>* die io os\jnmn<,mxi t 1 j ihe eoi mounds ae ,tddui to (! v mot 
Kioie gelation (2) Hie aJ „ syjked rii the ha o*-en (.nmpoiitxl solution Kioto dp uxj. t^) Diud ponder oi 
hvat-tuatcd pov d«.t i> i<,<'U<. <^ifr\\ Ut fakve i ^dts solution The dc-siuhie .moui i of J (doutM 
LOisipofuids to bt idded ia (H*0^ ^ 0 < ^ ia ii ilo^t.)! ions* m i<,] ftioii to the tot il vxeiLhi <. iktd Uvd is o\ des 

]} Utlof t!v wui ifflt 

1 !llS !)t\t.t!f!u!l Otkls jiilftltd tCtiimti. K'dfCj ll ^ - ipenOJ lnovi' 3sp ill In li Uld lUf stltP.iiti) 

SniRru} umit b«nJii.jln d is imuiMu) jteceio v <.un lv uvihie o k>hi ipplx. ifton, si L fi ,s 

■>M)tiK!K UX'dl >OOfs Of s^JlCn.* i. [*>I\S 
ItMlK iOilov ms> tl is liHv. ItH'Il AfH K t.M r ] tiled Us tlK t\ HlflvS e el li 1 - !1\ Ui .Oil is not 

Ifiiiited to these examples. 

| Embodiments! 
fc.mmxiifneM i 

SiEKdK .st^it jndpfii'spl iteuuipotmds a v h.hi uimilli iotriKS jsiiuk!) <a a^r i (he .inotii ! of 
uhuie v-tei-« on tnoic b< sj j The m \ n was on .'\ ->fn'vd a! t. One mm 'ai^i uiu!.in Hint: 
Miluuoti (*> i 1 m ua'ei i v\ai xded 10 obt lift a n nioint MsiunoM 'it T. hie! tun,; ui ss,>d s 1 i. ik estj - 
inijiho phi>ta- compounds tn. siiown Jotu wm thei.ii'o » i!tCiC thivO nuedicdts j.jVjf ikd is »» ,dt 

Tito soiuiioii ^ ,s il et s^ iit.d md bt ,lm <. m \l\ a 4^ iui t.1 ajon T )e ptoJiuted <h! ^,is dncd loi 
oik ^seeL it 4^ f wtli il e sciheninv^d T,i; du^d jel v as pnl\eii/t.d niiu j'Osvdei s>i du.lkieaec a 
20 ( hi fo ^'H - x. e it h is Kp f foi to bonis ioi heat faatrixni llx iie t t e tc po,sdjt %\a- net 
imliedK i \iHniili niodedmd meted >sk x ur a>itu i ixn piess at >J0() ( 

Sinxicd eer.it n< bods hit, i-btanxd s{ o%>ed in LltiKiceetK^ Vt n tnti\ss t i nil ix< eoitljfOst oti 
^itlnheduu'edeonipossiiot \ i f> md M- O w^u* not dekend \ pi ism ipoe piec; >thniti 
nas piO]» t u\l ion! the stti eied t^t ttn e bo\U tints obt nn^d V tei sut i >ce poj shttu bet JUit" -tieit rt di o is 
nx\i- ir^d iri\ thiee-potit 'oxm ^\siot) \ hestlt, i r t Mitittaii ed tn 1 iok 1 
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Table 1 















4 






1 




SiO:,'Ci 1 0.'?-.Os 


46/}*/ 16 


■ 


SS/Si/if 


55:27/17 




40/46/ i 3 


41/25/M 


S0MV7 


























t-lhyl 


eihvi 
silicate 40 


situate 


nsethvi 


sth^sU: 


oihy! 


(. «iup«.«r.u 


diethyl 
ptv.-phats 
.<•!/••.:>. 


thethyt 




BK'fKXithyt 

r diethvi 
ptephatt 


-irK.'tJoelhyt 

phosphate 
' ■'■■■) ■■■■>■ 


Miinv 


urn 


ortho- 














phosphate 


crtsibaim- 
;•'>■'•• 






Si SO 




IW) 


mo 


8(H) 










2000 




2200 










5500 



As is clear from Table i . every product by this invention showed 3 high strength. Ail materials contained 
large amounts of apatite which is essential hi forming chemical bonding with bones. 
The produce used for comparison did not show detectable amounts of apatite crystal deposit. 

Embodiment 2 

Gelation and heat treatment were performed iu the sante manner a? lor Embodiment 1 usina ethyl silicate 
as a silicate ester. AH conditions were site same except for those indicated in Table 2. 

The heat-treated powder was wet-unTled by a bull mill, molded by a cold jsostatic press and sintered 
under ionospheric pressure at 12U^C. The deposited crystals are shown in Table 2 When partial 
phosphate esters were used instead of phosphoric acid, the results were more selective and more apatite 
crystals deposited. 



Table 2 





























SiO; 


if 5 


4S 










34 
















16 


16 


s 








0 








0 






0 


Ca/P** 


2.0 










isi-iiwethyi 

phosphate ■> 

Vsofsoi ' 




phosphate + 
iiielhvt phosphate 

tso/sa. 


phosphoric acid 


trystais 




apatne 
tricakium phosphate 
ca 1c aim f >y ropfcosphate 


apatite 


apatite 
iricaiciaw phosphate 
wollastomte 


Apatite X-roy 
stiSracJioa 
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tiiHoodunenf. 3 

th»t mIu, tc "*j> ^ <^ _of a niAftixv oi .uoi.oakO p'i<>-ph ^ >.od t<ki')\j oi opk< to < ^-t %h j J 
>^ •„ m onbv'i v itci or I \dro v jIoiu. .lio vh Hun id rvk I a ik't i \\tk niu»„d <t J Mine J !or i S ou. at 
ist biem ivii pa iuic f o nrs subitum U>*> " & ot c i!u n nttruo 'Olu urn 'tw t k in s fk\.o aid 
mntu n< ^ continued uel tuon na^ pctionned b\ kA^ mc dc M.<kitioa m a soafod ~t>i t<» ic <v o n eh a* 
4^ { hv uumpoiitioi, H tL„> ^c! v a-, MO ( «U {'(.)">" H U b\ ncdr t am Htc ad h,,-, 

dtk.fi H]tJ) tb„ COfH til „] tO 1 U v lH'svd k)T tt»C .sock at 4^ < Ilk. Jl kd ^ci n 1- pub si cd i id lis,?! 

boiled K) Mit t. a1 lv i I't K u ie< im;j t a is peikmn.d * k<xpm^ n n->i * i.>i.r^ u *M i 

Uk iuvt-tivVtoo po^fk \ u r'ill>\! b a b ill will trokkd b^ i coic iso^i i ic pte^ « nd j n'escd 
utidvi <un ospbuic pa^tii l . { i Pit C lt^<> { md ! 1 to < ]hc dqxisHvd u %st ik an. s iov im 1 abk* ; 
\\ \\ tks v' !^ uvd <tp<MJk Mdikd o du<>n pu-iC >i i<)c ileum ,tho^pi)ittc iiutntd J^tK i i toitli N 
^ hui ind i«tltl(«tiv uui sokm<T u haI the deposit*, d u\ 4 i! coni mitd <->nU p uuc nc %\o 1 ^'oj ito 
j, Jo,) t. jkJ dvVOjnposr'i>i o/ <p»!tc to k iLutv ph<>-r>hate hos lound to K r^hwUv 



EiDDoditiicnt 4 

\ii v N p».n itv.n[ r,>\ |>v fi'iintd i.t 'hi. m.ik n i.tiiv. > Ti\\ X)diiiKnl } nMnt; w.t^r fm Inatob^is 
v- ^Ltpt U 2 4 s: oi ti\ dioHiKt! ii ^ i td '•ofutiuu v 5 o" > m o utt ijtd w uh v.<o!]t i_ k< k >f> iu.oh htfovo 

:l men Wiuntlic Itcu-ticucl poxsdcj ^hmpio od undo; tit .>sphorn. pussoro i PtKH dopoMOc 
trw )! ^hos\<.d tn ititc ,!id \u>H i^Josti'i. oit \ imp >sifioti of ap itit L to nuakiu n ]no>p{><ir » Hui d 
to be oc^Iicibic. 

biDoodunent > 

\[) ..Np^ri'jiLnt ^ [x !citni_d !)t <ik s smk n rnv > (<> f i'i x)dPii(.tH } i mi « t * d'ut.! i x(l sok it ti) 
(0 I" )i3t'l«. I ) in. i^dfeb 1 )s \tkt oioldi M . fid > fi ii j tiifdvt tfi.o^ 1 km., pi jxxiiiv ..t O Ho 
dv.pOSHv\! t!% 4 tl vtio ' v.d ^pjtk Ltd Aol JstOt ItO Oltb KcOiltpo-ltKll) ot tp into w fr t ikn in plto^ lu i. 

\v:;s barelv ddocted. 
(...omparattve csanipie 

Yitt) ituooi >o < ot .fnoijshmis qU t ]>ohiLi J4 4« oi c tkitmt ludto enphc p! !0d; l rci t^ it)d 
^ " oi cakt.itiM .rf-otiitctcoi c-ipoiidDi 1 .o 'mO (. P (\ ~ < ■> > » vh pie-b a\^i i 
Ou'J < Thooic-bt t-dpoAdor^.s ^u^nitk-d oiiiJutk tot 1 h.nn a !(n>(> <. IUhmi ;\ iiuixh t.t>tiid 

not bC ii tl illkd ti , u H KlfCJ IlIKHlS «ot \t »cd 
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Y\ ,men AmcfiUnie'K 



l y \tm o ujjw a, Diicctoj-Genor.ii o! Paten! Oifkc 



t l j^v. Kk:il fK.iuoH i'^™ iShftA ! t^Micr ) Ki\m VppfK'iuoi No M"^ 

in.: of tnc '.^ eHUOi 1 Snk'cd 'An tmc Bodv and the Method <>{ M'uuAicttjre fhcio. 

> i\ison lo 5 ilo \fuendinoiU t*>"*c>j „i<>n Coipoi.uion 
RcKiUOfi-lijp io t\s^ P.nenl \pphuni 

4 Kponi ^'J'^; \!tt\)iu \ tk i.iuiui Rituit Mtome\ ,m/<>'/.>;><\/ v, 

<> IXitc oj Otdct of XmenJtnem \oium<tt> 

^ i^au Kinciuied hi 'Lk'UiK of tin: ] mention ' IVft.^upb eiutkd DUai eu DeM.np;ion 

oi' the Invention 
7. Loitteius oi Amendment: 

( 1 ) Details of She Invention, p. !t . 5 ' l«ie noiu the bottom: 

Ml 41' a* iwuKclcdu i<) i 40v,i\> picki.ihh :~ ^0%] 
t" 1 ) in liie ^ me p tgt. 1 ! htk fto'u iIk 'x-fto»i 

"phc-j'h.iit. LuotpuutkiV t-, eoiKClei lu | phi option , conipoi ituS 
(4) iniiie same p.ttt p _'4 lahU i tsumeued * ii-flows 

/Jem/) / PihuiOfl, t (*> 4 2" />?i ? /,<//> » f i,/ ft \> ' Yw,,i.,tli l 



Tabic 1 







Products tor srotnjjaosos 
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4t/25,\!4 




O: r >A 












1.? 


0.9 








ethyl 
silicate 


ethyl 


ethyl 
silieaie 40 


ethyl 
•,. licit* 




elhy! 


etlsy! 


Phosphorus 
Coupono* 


monoethyi 
O'O.oO) 


triathyi 


oitho- 
' acid 


monoethyf 

ffccthvi 
pho, fl h»o 

mm) 


ttiertiy! 

p.tlCi!!f)ll.')lii 




phosphoric 


phosphoric 


Deposited 
cn-stai* 


spaute 








woiLiosiiie 


phosphate 












1000 


1240 








t> 




2000 


! 700 


2200 






! 300 




i 500 



